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clinical isolates identiﬁed as Agrobacterium (Rhizobium) radiobacter
demonstrated that R. pusense is the main human pathogen within
Agrobacterium (Rhizobium) spp. Clinical microbiology of Agrobacterium
(Rhizobium) should be considered in the light of recent taxonomic
changes.
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teria mostly associated with plants. Among them, Agrobacterium
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nical Microbiology and Infection © 2014 European Society of Clinical Microbiology and Infect
p://dx.doi.org/10.1016/j.cmi.2014.12.005isolated in human beings with diverse underlying diseases [1–3]
and caused healthcare-associated outbreaks [4].
Taxonomy and nomenclature in the genus Agrobacterium are
controversial. Brieﬂy, Young et al. proposed to include mem-
bers of the genus Agrobacterium into the genus Rhizobium [5–7]
but Farrand with many co-signatories recommended the
maintenance of the genus Agrobacterium due to noticeable traits
[8]. The genus Agrobacterium Conn 1942 currently comprises
six species corresponding to different phytopathogenic behav-
iours or to the absence of phytopathogenicity for A. radiobacter
[9]. Today, A. (R.) radiobacter and A. (R.) tumefaciens have au-
thority to denominate the same species, which is represented
by two type strains A. (R.) tumefaciens CFBP2413T and A. (R.)
radiobacter CFBP2414T. The species complex will be designed
hereafter as ARrt complex.
ARrt is formed by several genomovars by DNA/DNA hy-
bridization [10,11] corresponding to genovar by multi-locus
sequence (MLS) analysis [11]. The two ARrt type strains
belonged to the same genomovar G4. Genomovar G8 was
elevated to the species level with the proposal of ‘Agrobacterium
fabrum’ [12], and new species such as Rhizobium nepotum [13]
or Rhizobium pusense [14] were described.
In a previous study, 43 out of 49 clinical isolates belonged to
genovar A7 (genomovar G2), which was hence considered as a
human-associated genovar [11]. Here, we compared human
isolates belonging to ARrt genomovar G2 (genovar A7) with
the novel species R. pusense described in the chickpea rhizo-
sphere [14] with the aim to clarify their relationships.
Fifty-nine strains were studied herein (Table 1) including the
type strain of R. pusense, tern reference strains (nine clinical
isolates from Sweden, France and from the USA, and one strain
from ditch water from Belgium) and a collection of 48 ARrt
isolates corresponding to 43 previously described clinical iso-
lates [11] and ﬁve additional isolates, originating from France
(three hospitals, two regions). They were obtained from hu-
man samples (n = 44) and from clinical environments near
patients (n = 4) during routine exercise of medical microbi-
ology using phenotypic identiﬁcation (API20NE systems, bio-
Mérieux, Marcy l’Etoile, France; or Matrix-Assisted Laser
Desorption Ionization—Time Of Flight Mass Spectrometry
(MALDI-TOF MS)) conﬁrmed by partial 16S rRNA gene
sequencing [11]. All isolates and strains were afﬁliated to ARrt
genovar A7 (genomovar G2) by MLS analysis on atpD, zwf, trpE,
groEL, dnaK, glnA and rpoB as previously described [11]. For
each of the 23 sequence types (STs) detected in the population,
we selected one representative isolate from human or from
clinical environment and reference strains, if any, for phyloge-
netic analysis (Table 1).ious Diseases. Published by Elsevier Ltd. All rights reserved
TABLE 1. Denomination, characteristics and afﬁliation of clinical isolates and reference strainsa
Current denominationb Strain Origin of the strain Place, year of isolation ST MLS genovar New afﬁliation
Agrobacterium sp. AGR01e Scalp wound Montpellier, Fr, 2003 3 A7 R. pusense
Agrobacterium sp. AGR35 Sputumc Montpellier, Fr, 2009 3 A7 R. pusense
Agrobacterium sp. AGR38 Sputumc Montpellier, Fr, 2009 3 A7 R. pusense
Agrobacterium sp. AGR40 Blood Montpellier, Fr, 2009 3 A7 R. pusense
Agrobacterium sp. AGR44 Sputum Montpellier, Fr, 2010 3 A7 R. pusense
Agrobacterium sp. AGR50 Blood Montpellier, Fr, 2010 3 A7 R. pusense
Agrobacterium sp. AGR67 Sputumc Montpellier, Fr, 2011 3 A7 R. pusense
Agrobacterium sp. AGR02e Urine Montpellier, Fr, 2004 4 A7 R. pusense
Agrobacterium sp. AGR03 Urine Montpellier, Fr, 2004 5 A7 R. pusense
Agrobacterium sp. AGR04 Undocumentedd Nîmes, Fr, 2004 5 A7 R. pusense
Agrobacterium sp. AGR17e Sputumc Montpellier, Fr, 2006 5 A7 R. pusense
Agrobacterium sp. AGR24 Sputumc Montpellier, Fr, 2008 5 A7 R. pusense
Agrobacterium sp. AGR33 Sputumc Montpellier, Fr, 2009 5 A7 R. pusense
Agrobacterium sp. AGR41 Glans penis Montpellier, Fr, 2009 5 A7 R. pusense
Agrobacterium sp. AGR05 Fibrescope rinse ﬂuidd Toulouse, Fr, 1997 6 A7 R. pusense
Agrobacterium sp. AGR07 Undocumentedd Toulouse, Fr, 1998 6 A7 R. pusense
Agrobacterium sp. AGR09 Collyre Montpellier, Fr, 1995 6 A7 R. pusense
Agrobacterium sp. AGR15e Sputumc Montpellier, Fr, 2005 6 A7 R. pusense
Agrobacterium sp. AGR20 Sputumc Montpellier, Fr, 2007 6 A7 R. pusense
Agrobacterium sp. AGR21 A Sputumc Montpellier, Fr, 2007 6 A7 R. pusense
Agrobacterium sp. AGR21 B Sputumc Montpellier, Fr, 2007 6 A7 R. pusense
R. radiobacter CCUG48648e Blood Stockholm, Sweden, 2004 6 A7 R. pusense
Agrobacterium sp. AGR66 Sputumc Montpellier, Fr, 2011 6 A7 R. pusense
Agrobacterium sp. AGR06e Culture mediumd Toulouse, Fr, 1997 7 A7 R. pusense
Agrobacterium sp. AGR10 Sputumc Montpellier, Fr, 2005 8 A7 R. pusense
Agrobacterium sp. AGR18e Sputumc Montpellier, Fr, 2006 8 A7 R. pusense
Agrobacterium sp. AGR71 Siphon (hospital)e Montpellier, Fr, 2012 8 A7 R. pusense
R. pusense LMG25623Te Rhizosphere soil of chickpea (Cicer arietinum L.) Pusa, New Delhi, India, NA 8 A7 R. pusense
Agrobacterium sp. AGR11 Sputum Nîmes, Fr, 2005 9 A7 R. pusense
Agrobacterium sp. AGR16 Faeces Montpellier, Fr, 2006 9 A7 R. pusense
Agrobacterium sp. AGR26 Sputum Montpellier, Fr, 2008 9 A7 R. pusense
Agrobacterium sp. AGR27e Sputum Montpellier, Fr, 2008 9 A7 R. pusense
Agrobacterium sp. AGR37 Sputumc Montpellier, Fr, 2009 9 A7 R. pusense
Agrobacterium sp. AGR39 Sputum Montpellier, Fr, 2009 9 A7 R. pusense
R. radiobacter CCUG49619e Bronchus brush rinsed Göteborg, Sweden, 2004 9 A7 R. pusense
Agrobacterium sp. biovar 1 CFBP2884e Blood Strasbourg, Fr, 1974 9 A7 R. pusense
Agrobacterium sp. AGR12e Toe wound Montpellier, Fr, 2005 10 A7 R. pusense
Agrobacterium sp. AGR14 Sputumc Montpellier, Fr, 2006 11 A7 R. pusense
Agrobacterium sp. AGR23e Blood Toulouse, Fr, 2006 11 A7 R. pusense
Agrobacterium sp. AGR43 Sputumc Montpellier, Fr, 2009 11 A7 R. pusense
Agrobacterium sp. AGR63 Sputumc Montpellier, Fr, 2011 11 A7 R. pusense
Agrobacterium sp. AGR65 Sputumc Montpellier, Fr, 2011 11 A7 R. pusense
Agrobacterium sp. AGR19e Blood Montpellier, Fr, 2007 12 A7 R. pusense
R. radiobacter CCUG12509e Lesion Texas, USA, 1974 13 A7 R. pusense
Agrobacterium sp. AGR25e Faeces Montpellier, Fr, 2008 13 A7 R. pusense
Agrobacterium sp. AGR32e Sputumc Montpellier, Fr, 2009 15 A7 R. pusense
Agrobacterium sp. AGR34e Sputumc Montpellier, Fr, 2009 16 A7 R. pusense
Agrobacterium sp. AGR51-AT4 Sputumc Montpellier, Fr, 2010 16 A7 R. pusense
Agrobacterium sp. AGR08e Sputumc Montpellier, Fr, 2005 18 A7 R. pusense
R. radiobacter LMG361.1e Sputum Missouri, USA, NA 37 A7 R. pusense
R. radiobacter LMG378e Blood Georgia, USA, NA 38 A7 R. pusense
R. radiobacter LMG399e Infected eye Louisiana, USA, NA 39 A7 R. pusense
R. radiobacter LMG355e Bronchial washings Hawaii, USA, NA 48 A7 R. pusense
Agrobacterium sp. AGR58e Sputumc Montpellier, Fr, 2010 49 A7 R. pusense
Agrobacterium sp. biovar 1 CFBP5876e Ditch water Belgium, 1952 49 A7 R. pusense
Agrobacterium sp. AGR48e Siphon (hospital)d Montpellier, Fr, 2010 50 A7 R. pusense
Agrobacterium sp. biovar 1 CFBP5496e Urine Strasbourg, Fr, 1976 54 A7 R. pusense
Agrobacterium sp. AGR49e Testicle Montpellier, Fr, 2010 67 A7 R. pusense
Agrobacterium sp. AGR54e Blood Montpellier, Fr, 2010 70 A7 R. pusense
Abbreviations: CCUG, Culture Collection University of Göteborg; CFBP, Collection Française de Bactéries associées aux Plantes; LMG, Laboratorium voor Microbiologie
Universiteit Gent; ST, sequence type; Fr, France; NA, not available.
aData are presented according ST.
bStrains denomination in databases in december 2013: strain info (www.straininfo.net) and/or ncbi (www.ncbi.nlm.nih.gov).
cFrom cystic ﬁbrosis patients.
dProbable human origin.
eStrains included in the phylogenetic analysis.
CMI Aujoulat et al. Rhizobium pusense, a human pathogen 472.e2The 16S rRNA gene (1310 bp) and the seven-gene con-
catemer (3351 bp) sequences of strains representative of
ARrt genomovar G2 (genovar A7) were compared to those
of R. pusense and other members from several genomovars
and species of the genus Agrobacterium/Rhizobium. Phyloge-
netic maximum likelihood tree was inferred by using PHYML
(algorithm GTR as substitution model) [15]. The maximum
likelihood tree is shown in Fig. 1. We conﬁrmed that MLS-
based phylogeny allowed distinction among the tenClinical Microbiology and Infection © 2014 European Society of Clinical Microbiology and Ingenomovars and species of the ARrt complex included in the
study. For the strains previously analysed by DNA/DNA hy-
bridization (Fig. 1) [16,17], a correspondence between DNA/
DNA genomovars and MLS clades was observed, hence vali-
dating the MLS approach for taxonomic studies (Fig. 1). MLS
phylogeny indicated that R. pusenseT, four reference strains
and 24 isolates from human or from clinical environment of
the genomovar G2 (genovar A7) included in the tree
belonged to the same clade and corresponded to the samefectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 472.e1–472.e5
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FIG. 1. Maximum-likelihood tree
based on concatenated sequences of
the 16S rRNA and seven house-
keeping gene fragments (46610 bp)
indicating the relative placement of
clinical strains of the ARrt complex
and the type strain of Rhizobium
pusense. The numbers at the nodes
are support values estimated with 100
bootstrap replicates. Only bootstrap
values of >50 are indicated. The scale
bar indicates the number of sub-
stitutions per nucleotide position.
Rhizobium rhizogenes CFBP5520T was
used as the outgroup organism. The
sequences of representative strains of
the genomovar G1 to G9 and G13
were included. Genomovars previ-
ously determined (20) are indicated in
grey boxes after the names of the
corresponding strains.
472.e3 Clinical Microbiology and Infection, Volume 21 Number 5, May 2015 CMIspecies (Fig. 1). Owing to the ST afﬁliation, all the clinical and
human-associated environmental isolates included in this
study belonged to the species R. pusense (Table 1). It is
noteworthy that the R. pusense type strain from chickpea
rhizosphere in India shared the same 3351-bp concatenated
sequence as isolates AGR10, AGR18 and AGR71 from the
human respiratory tract and water network device near
hospitalized patients in Montpellier, France.
Rhizobium pusense sp. nov. was created by studying a single
isolate from rhizosphere in Pusa, India [14]. The description
included chemotaxonomy, DNA/DNA hybridization, 16S
rRNA and alternative genes (recA and atpD) sequencing, and the
comparison was performed, as recommended elsewhere [18],
with the type strain of most closely related species,
i.e. R. radiobacter NCPPB 2437T (genomovar G4), Rhizobium
larrymoorei AF3-10T and Rhizobium rubi IFO 13261T. Because
the comparison was not performed with strains or isolates
representative of all the genomovars of the heterogeneousClinical Microbiology and Infection © 2014 European Society of Clinical Microbiology and InfectARrt group, the relatedness between R. pusense and ARrt
genomovar G2 was not detected.
A posteriori, we showed herein that clinical and human-
associated environmental strains of ARrt genomovar G2 (gen-
ovar A7) included in this study belonged to R. pusense. ARrt is
regularly described as an opportunistic pathogen: 40 PubMed
references are proposed with A. radiobacter or R. radiobacter
and human infection as keywords. In contrast, R. pusense has
been cited in only two papers of systematics [19] and phylo-
genomics [20] after its own description in chickpea. Until now,
relationships between R. pusense and ARrt members have never
been studied. We showed herein that the new species
R. pusense grouped most clinical isolates of ARrt currently
available in collections. Identiﬁcation methods currently used in
medical microbiology, such as miniaturized conventional tests
(API20NE strips and VITEK, bioMérieux), MALDI-TOF MS or
16S rRNA gene sequencing, allowed the identiﬁcation of the
ARrt complex but discrimination between closely relatedious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 472.e1–472.e5
CMI Aujoulat et al. Rhizobium pusense, a human pathogen 472.e4species or genomovar in the complex was hardly achieved.
Indeed, the databases of the commercialized identiﬁcation
systems, including MALDI-TOF MS (Brücker®), contained only
one member of ARrt complex. The type strains of R. pusense, A.
(R.) radiobacter, A. (R.) tumefaciens displayed 1667744 as
API20NE code. The R. pusense isolates included in this study
showed the same code, except the positive assimilation of
capric acid by 56% of the isolates (code 1667754). The 16S
rRNA gene sequencing of 48 R. pusense clinical isolates dis-
played four nucleotide positions (Escherichia coli numbering:
445–446, 488–489, 614–615 and 625–626) differing from
other species and genomovars in ARrt, except for strains of
genomovar G9. GenBank database analysis showed that
sequencing of the atpD gene allowed identiﬁcation of R. pusense
without ambiguities among other members of the ARrt com-
plex. Evidence that most ARrt clinical isolates actually belong to
R. pusense demonstrates the need for accurate species or
genomovar identiﬁcation tools, with the implementation of
more taxa or genotypes in the commercial systems’ databases.
MALDI-TOF MS is worth evaluating for this purpose.
Changes in taxonomy are not trivial, they affect identiﬁca-
tion, reservoir description, epidemiological studies and evalua-
tion of clinical signiﬁcance, particularly in the case of emerging
pathogens. On the basis of available isolates and sequences in
collection and databases, R. pusense appeared as a human-
associated species scarcely represented in the environment
[11]. This result would be of major interest to separate human
pathogens from phytopathogens and strains used for biotech-
nology [21]. Beyond this particular case, current concepts of
bacterial species [22] call for a reappraisal of practical taxo-
nomic standards in order to propose population-based
description of new species rather than limiting description of
new species to a comparison of single or few isolates with some
related species type strains. Population analysis is particularly
needed for opportunistic bacterial pathogens, which are often
organized in species complex with diverse life-styles and clini-
cally relevant ecotypes rather than in “true” allopatric patho-
genic species [12,23].Transparency DeclarationThe authors have no conﬂicts of interest to declare.AcknowledgementsWe are particularly indebted to Anne Gouby, to Christine
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